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The (11) 169
In Eqs. (10) and (11), the uniform weighting is changed into for each spectral 170 subinterval. TOA solar spectral irradiance variations in the channel can also be included in 171 the normalization factor in a manner similar to the SRFs. 172 and (11), the effective coefficient of the mixture gas is weighted with the corresponding 178 SRF (e) and solar spectral irradiance (SI) (f). Fig. 1(g) shows the sorted effective absorption9 coefficient as a function of (blue line); results without considering either the SRF or solar 180 spectral irradiance is illustrated for comparison (red line). In space, the absorption 181 coefficient becomes a smooth function, and only 4 intervals (shown by the dashed lines in 182 (g)) in this channel are used to determine the transmissivity following Eq. (6). Furthermore, 183 differences are obvious for results with and without consideration of the SRF, as shown in 184 Fig. 1g . 185
Based on the theories and techniques described, we construct a CKD model for each of 186 the VIIRS channels, considering only up to the three most absorptive gases. The parameters 187 used to construct the CKD models follow the work done by Ding et al. to three different absorbers are considered for each channel, and the O3 continuum 211 absorption (designated as cont. in the table) is included in the IR channels by using the 212 equations given by Roberts et al. [1976] . 213
The CKD is employed to produce the transmissivity of the atmosphere, and properties of water and ice clouds, discussed in the previous section, are included. 269
Generally, the FRTM is approximately two orders of magnitude faster than the 128-stream 270 DISORT, and obtains TOA reflectance with relative errors normally less than 5%. 271 13 For the infrared channels, the simulator uses the FRTM developed by Wang et al. 272 [2011, 2013b ] to obtain the TOA brightness temperature. Similar to the FRTM used for the 273 solar channels, the effects of cloud layers are efficiently considered by pre-calculated look-274 up-tables at various optical thicknesses and effective particle sizes, which include the 275 reflectance, transmittance, emissivity, and effective temperature. The CKD model 276 discussed in Section 2 is used to account for atmospheric gas absorption. The TOA 277 brightness temperature differences (BTDs) given by the fast model and the rigorous 278 DISORT are less than 0.15 K. Furthermore, the FRTM is more than three orders of 279 magnitude faster than the corresponding a DISORT implementation with 32 streams. 280
The most current DISORT code (DISORT 2.0 beta) is used to calculate the look-up- channel are larger than those at the 2.25-m channel, which is mainly due to the significant 364 differences in the scattering properties of ice clouds at the two channels (e.g., ice clouds 365 are much more absorptive at the 2.25-m channel). The patterns of the reflectances given 366 by the fast simulator are almost the same as the VIIRS observations at each channel. 367
Furthermore, the agreement indicates the performance of the MOD06 product that is used 368 as the input parameters. However, note that the liquid water and ice cloud radiative models 369 used in the FRTM were specifically chosen to match the models used in MYD06_L2 (see 370
Sect. 3). 371 observations. However, noticeable differences exist in some regions of the granules, and 375 this may be due to the uncertainties in either atmospheric profiles or cloud height. The ice 376 cloud properties, which are retrieved from MODIS solar-channel observations, may also 377 yield significant errors when applied to IR channels, because the cloud optical thickness 378 and effective particle radius inferred from the solar and IR channels can be quite different 379 [Baum et al., 2014] . The case study indicates the exceptional performance of the VIIRS 380 simulator for both solar and IR channels. 381 382
Summary 383
This study developed a computaionally efficient simulator for the VIIRS solar and IR 384 channels in cloudy atmospheres that can be used in cloud property evaluations and 385 retrievals. The absorption of atmospheric gases and overlapping gas absorption is 386 accounted for using a VIIRS-specific CKD that considers both the spectral response 387 function and solar spectral irradiance. The accuracy of the transmissivity profile is 388 estimated by comparing with the exact line-by-line results, and the relative errors in 389 transmissivity are less than 0.1% for all VIIRS channels. Two fast RTMs are used to 390 consider absorption, scattering, and emission of cloud layers. The channel-averaged bulk-391 scattering properties of roughened hexagonal columns are used for ice cloud, and the 392 properties of water cloud are given by the Lorenz-Mie theory. By comparing with the 393 rigorous DISORT results, the relative errors for TOA reflectance at VIIRS solar channels 394 are less than 1.5%, and the differences in brightness temperatures at the IR channels are 395 less than 0.25K. The present simulator is more computationally efficient than the standard 396 LBLRTM+DISORT by over three orders of magnitude. With collocated MERRA 397 atmospheric profiles and cloud optical thickness and effective particle diameter from the 398 MODIS cloud product as input, the reflectances and brightness temperatures calculated by 399 the fast simulator show close agreement with concurrent VIIRS solar and IR observations. 400
Considering the accuracy and efficiency provided, the simulator can be used directly for 401 cloud property retrievals related to VIIRS observations. While our fast radiative transfer 402 model (FRTM) used in this study was applied to VIIRS channels, the FRTM can also be 403 
